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VXUYH\V 7KH KLJKHU FRVW RI *36 VXUYH\V UHTXLUHV VFUXWLQ\ DW WKH VDPSOH VL]H SODQQLQJ VWDJH WR HQVXUH FRVW
HIIHFWLYHQHVV7KHHVVHQFHRIVDPSOHVL]HFDOFXODWLRQVSUREOHPLVRIDWUDGHRIIEHWZHHQFRVWWLPHWDNLQJWKHSUHFLVLRQ
RI WKH VXUYH\ LQWR DFFRXQW 'LIIHUHQW PDFKLQH OHDUQLQJEDVHG WHFKQLTXHV KDYH EHHQ GHYHORSHG WR LQIHU WKH
WUDQVSRUWDWLRQPRGHEDVHGXSRQVSHHGDQGDFFHOHUDWLRQFDOFXODWHG IURP*36GDWD+RZHYHUQRQHRI WKHVH VWXGLHV
FDOFXODWHWKHVDPSOHVL]HUHTXLUHGIRUYDOLGDWLQJWKHVHWHFKQLTXHV&DOFXODWLQJWKHPRVWHIIHFWLYHVDPSOHVL]HIRUWKLV
LQIHUHQFHPDLQO\GHSHQGVRQWKHYDULDELOLW\RIWKHVHYDULDEOHVZKLFKDUHQRUPDOO\XVHG7RSHUIRUPWKLVFDOFXODWLRQ











7UDYHO VXUYH\V DUH RQH RI WKH PRVW LPSRUWDQW ZD\V RI REWDLQLQJ FULWLFDO LQIRUPDWLRQ QHHGHG IRU
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GHPRJUDSKLF VRFLRHFRQRPLF DQG WULSPDNLQJ FKDUDFWHULVWLFV RI LQGLYLGXDOV DQG KRXVHKROGV
1HYHUWKHOHVVWKH\DUHDOVRXVHGWRHQKDQFHRXUXQGHUVWDQGLQJRIWUDYHOLQUHODWLRQWRWKHFKRLFHORFDWLRQ
DQGVFKHGXOLQJRIGDLO\DFWLYLWLHV7KLVHQDEOHVXVWRHQKDQFHRXUWUDYHOIRUHFDVWLQJPHWKRGVDQGLPSURYH
RXUDELOLW\ WRSUHGLFW FKDQJHV LQGDLO\ WUDYHOSDWWHUQV LQ UHVSRQVH WRFXUUHQW VRFLDO DQGHFRQRPLF WUHQGV




KDYH SURYHQ WR EH D EXUGHQ IRU SDUWLFLSDQWV WR XVH DV ZHOO DV EHLQJ H[SHQVLYH DQG WLPH FRQVXPLQJ
6WRSKHU DQG0HWFDOI  /DWHU D QHZ WUHQG HPHUJHG DV WR XVH *36 GHYLFHV LQ FRQMXQFWLRQ ZLWK
WUDGLWLRQDO VXUYH\V 6WRSKHU  8VLQJ *36 GHYLFHV KDV SURYHQ WR PLQLPL]H WULS XQGHUUHSRUWLQJ
WKURXJK LPSURYHGVXUYH\PHWKRGV%ULFNDDQG%KDW*36EDVHGVXUYH\VZHUHDOVRIRXQGXVHIXO
IRU H[DFW WLPH DQG GHVWLQDWLRQ UHFRUGLQJ DQG FDSWXUH RI WULS XQGHUUHSRUWLQJ :ROI HW DO 
6FK|QIHOGHUHWDO









DSSOLHG IRUH[DPSOH WKH7UDYHO6XUYH\0DQXDOE\&DPEULGJH6\VWHPDWLFV 7KHFRUUHVSRQGLQJ
VDPSOHVL]HSURFHGXUHV IRU*36EDVHGSDQHOVXUYH\VKRZHYHUDUH OHVVZHOOGHYHORSHG2QHRI WKH IHZ
VWXGLHV WDFNOLQJ WKLV SUREOHP LV ;X  ZKHUH LW GHYHORSV D IUDPHZRUN WR HVWLPDWH WKH HIIHFWLYH
VDPSOH VL]H RI *36EDVHG SDQHO VXUYH\V LQ XUEDQ WUDYHO EHKDYLRXU VWXGLHV IRU D YDULHW\ RI SODQQLQJ
SXUSRVHV 7KH VWXG\ DWWHPSWV WR REWDLQ UHOLDEOH PHDQV IRU NH\ WUDYHO EHKDYLRXU YDULDEOHV VXFK DV
GHPRJUDSKLF FKDUDFWHULVWLFV DQG VHDVRQDO IDFWRUV XVLQJ GDWD IURP RQO\  KRXVHKROGV 6WRSKHU HW DO
DOVRDWWHPSWVWRILQGWKHEHVWWKUHVKROGEHWZHHQWKHPLQLPXPVDPSOHVL]HDQGWKHOHDVWVDPSOLQJ
SHULRG7KHVWXG\DQDO\VHVK\SRWKHWLFDODQGDFWXDOPXOWLGD\GDWDRQSHUVRQNLORPHWUHVWUDYHOOHG3.7




,Q WKLV VWXG\ ZH SURYLGH WKH PHDQV WR FDOFXODWH WKH VDPSOH VL]H IRU WUDQVSRUWDWLRQ PRGH LQIHUHQFH
VWXGLHV E\ PHDVXULQJ WKH YDULDELOLW\ RI WKH UHOHYDQW YDULDEOHV VXFK DV VSHHG DQG DFFHOHUDWLRQ 7KH
YDULDELOLW\LVFDOFXODWHGIRUGLIIHUHQWPRGHV)RUPRWRULVHGPRGHVZHXVHGDWDSURYLGHGE\7UDQVSRUWIRU
/RQGRQ 7)/ IURP WKHLU /&$3 SURMHFW REWDLQHG IURP$XWRPDWLF1XPEHU 3ODWH5HFRJQLWLRQ $135
FDPHUDV7KH GDWD FRQVLVWV RI MRXUQH\ WLPHV IRU HDFK QHWZRUN OLQN DQG LV E\ IDU WKH EHVW UHVRXUFH IRU
XQGHUVWDQGLQJ WUDIILF FRQJHVWLRQ DQG VSHHGV ZLWKLQ /RQGRQ 7KH GDWDVHW FRQVLVWV RI  PLQXWH GDLO\
MRXUQH\WLPHVIRUHYHU\OLQNIURPWKHEHJLQQLQJDQGWKHHQGRIHDFKOLQN:HVWXG\WKHVSHHGYDULDWLRQ
ZLWKLQ DQ XUEDQ HQYLURQPHQW VXFK DV /RQGRQ DFURVV GDLO\ SHULRGV GD\V DQG GLIIHUHQW PRQWKV WDNLQJ
VHDVRQDOLW\ LQWRDFFRXQW2Q WKHRWKHUKDQG IRUQRQPRWRULVHGPRGHVRXWFRPHVIURPRWKHUVWXGLHVDUH
XVHG WR DVVLJQ D URXJK FDOFXODWLRQ DQG KHQFH GUDZ FRPSDULVRQV ZLWK PRWRULVHG GDWD YDULDELOLW\
FDOFXODWLRQV
7KHVWXG\SURYHVWKDWPRWRULVHGPRGHVUHTXLUHDELJJHUVDPSOHVL]HVLQFHWKH\FRPSULVHRIDKLJKHU
YDULDELOLW\ 7KH VWXG\ DOVR GLVFXVVHV WKH LQWHUPRGDO DQG LQWUDPRGDO YDULDELOLW\ RI WKH PRWRULVHG GDWD
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ZLWKLQ/RQGRQ7KHPHDVXUHRIYDULDELOLW\FDOFXODWHGDQGZHLJKWHGDFFRUGLQJWRHDFKURDGOLQN¶VOHQJWK
JLYLQJ DQ DFFXUDWH XQGHUVWDQGLQJ RI WKH YDULDWLRQ LQ WKH FRQWH[W RI /RQGRQ¶V QHWZRUN 7KH GDLO\ DQG
PRQWKO\ YDULDELOLW\ DUH DOVR DQDO\VHG WR TXDQWLI\ WKHLU HIIHFW RQ WKH VDPSOH VL]H FDOFXODWLRQ 6SHHG
YDULDELOLW\DFURVVWKHGD\LVDOVRTXDQWLILHGDQGDQDO\VHGLQWKHOLJKWRIEXVODQHXVHUVDQGQRQEXVODQH
XVHUV 7KH LQWUDGDLO\ VHDVRQDO GLYLVLRQ LV SURYHG WR KDYH WKH KLJKHVW YDULDELOLW\ 7KHUHIRUH WKH VWXG\





6DPSOLQJ IRU*36EDVHGVXUYH\VWXGLHVKDVSURYHGEHDSXVKLQJSUREOHPLQ WKHFRQWH[WRI WUDQVSRUW
VWXGLHV7KHUHIRUH LQ WKLV VHFWLRQZHGLVFXVV WKHSURFHVVRI LGHQWLI\LQJ WKH VDPSOH VL]H DQGSHULRG IRU
VXFK VWXGLHV 7KLV VWXG\ WDNHV SODFH LQ WKH *UHDWHU /RQGRQ DUHD DV D FDVH VWXG\ IRU ZKDW FRXOG EH
FRQVLGHUHGDVDQH[DPSOHRIDFRPSOH[XUEDQHQYLURQPHQW
,QGHSHQGHQW9DULDEOH9DULDELOLW\
(VWLPDWLQJ WKH VDPSOH VL]H DGHTXDWH IRUZKLFKHYHU VXUYH\ W\SH UHTXLUHV JRRG NQRZOHGJH RI  WKH
YDULDEOHVXQGHULQYHVWLJDWLRQWKHLUFRHIILFLHQWRIYDULDWLRQDQGWKHGHVLUHGDFFXUDF\RIPHDVXUHPHQW
WRJHWKHUZLWKWKHOHYHORIVLJQLILFDQFHDVVRFLDWHGZLWKLW6PLWK
7KH ILUVWHOHPHQW LQ WKHVDPSOHVL]HFDOFXODWLRQSURFHVV LV LGHQWLI\LQJ WKHYDULDEOHV WREHXVHG LQ WKH
VWXG\ ,Q UHFHQWZRUN RI RXUVZH KDYH FRQGXFWHG DQ$129$ WHVW RQ GLIIHUHQW ,QGHSHQGHQW9DULDEOHV
,9 GHULYHG IURP *36 GDWD WR LGHQWLI\ ZKLFK ,9 EHVW GLVFULPLQDWHV EHWZHHQ GLIIHUHQW FODVVHV RI
WUDQVSRUWDWLRQPRGHV %ROERO HW DO 7KHRXWFRPHRI WKH HYDOXDWLRQ LGHQWLILHV WKHEHVW ,9V WREH
XVHGIRUWKHFODVVLILFDWLRQDVVSHHGDQGDFFHOHUDWLRQ
7KHVHFRQGHOHPHQWRIWKHFDOFXODWLRQSURFHVVLVWKH&RHIILFLHQWRIYDULDWLRQ&9RIWKHFKRVHQ,9V





         
7KH WKLUG HOHPHQW LV WKH DFFXUDF\ GHVLUHG 	 VLJQLILFDQFH OHYHO ZKHUH WKH DFFXUDF\ OHYHO LV WKH
SHUFHQWDJH HUURU DFFHSWDEOH WR WKH DQDO\VW %RWK WKH DFFXUDF\ DQG WKH VLJQLILFDQFH OHYHO DUH FRQWH[W
GHSHQGDQW HOHPHQWV WR EH GHFLGHG E\ WKH DQDO\VW DFFRUGLQJ WR WKH DQDO\VW¶V H[SHULHQFH 2UW~]DU DQG
:LOOXPVHQ  2QFH WKHVH WKUHH IDFWRUV DUH GHILQHG WKH VDPSOH VL]H   FRXOG EH FRPSXWHG IURP
HTXDWLRQ

          ሺʹሻ
ZKHUH( LV WKH OHYHO RI DFFXUDF\ DQG LV WKH VWDQGDUG QRUPDO YDOXH IRU WKH FRQILGHQFH OHYHO Į
UHTXLUHG 6LQFH WKH DFFHOHUDWLRQ LV D GHULYDWLYH RI VSHHG WKH &9 RI VSHHG FRXOG DOVR UHSUHVHQW WKH
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,QWUD0RGDODQG,QWHU0RGDO9DULDELOLW\
7KHFRHIILFLHQWRIYDULDWLRQRI VSHHG RUDFFHOHUDWLRQFRXOGEHFRPSXWHG IURPVSHHGGDWDDYDLODEOH
IURP GLIIHUHQW UHVRXUFHV LQ WKLV UHVHDUFK +RZHYHU ZH QHHG ILUVW WR FRQVLGHU WKH GLIIHUHQW
FDWHJRULHVFODVVHVWUDQVSRUWDWLRQPRGHVWREHXVHGLQWKLVFDOFXODWLRQZKHUHGLIIHUHQWPRGHVZLOOKDYH
GLIIHUHQWYDULDELOLW\LQWHUPVRIWKHVSHHGXVHG$QH[DPSOHFRXOGEHWKHGLIIHUHQFHEHWZHHQZDONDQGFDU
PRGHV ZKHUH GLIIHUHQW FDU GULYHUV LQ WKH SRSXODWLRQ ZRXOG GULYH LQ GLIIHUHQW PDQQHUV DQG VSHHGV
ZKHUHDV SHGHVWULDQV ZRXOG EH PRUH FRQVWUDLQHG LQ WHUPV RI VSHHG YDULDELOLW\ +HQFH WKH LQWHUPRGDO




&9 RI WKH GLIIHUHQW WUDQVSRUWDWLRQ PRGHV DQG WKH GLIIHUHQW VHDVRQDO GLYLVLRQV¶ HIIHFW RQ WKHVH YDOXHV
+HQFH ZH FDQ LGHQWLI\ WKH H[DFW VDPSOH VL]H DQG VWXG\ GXUDWLRQ UHTXLUHG WR FRQGXFW D *36EDVHG









WR LQWHUSHUVRQDO DFURVV DOO LQGLYLGXDOV YDULDQFH DQG UHVXOWLQJ HVWLPDWHV RI UHGXFWLRQV LQ VDPSOH VL]H
DIIRUGHGE\DQGGD\VRIGDWDLQDIRUPRIZDYHVZHHNV
&RQFOXGLQJIURPWKLVVWXG\DUHDVRQDEOHDVVXPSWLRQLVWKDWGD\WRGD\YDULDELOLW\LQWUDYHOGLVWDQFHVLV





FURVV VHFWLRQDO GDWDPLJKW VWLOO EH XVHG IRU YDOLGDWLRQ WR DFFRXQW IRU WKH LQWHUSHUVRQDO YDULDWLRQ:KLOH
H[WHQGLQJWKHVWXG\GXUDWLRQLQRUGHUWRUHGXFHWKHVDPSOHVL]HZHQHHGWRXQGHUVWDQGKRZIDUWKLVZRXOG
DIIHFW WKH&9 RI VSHHG 7KH KLJKHVW&9 ZLOO GHSHQG RQ WKH SHULRG WKDW SURYLGHV WKH KLJKHVW YDULDWLRQ
HLWKHUKRXUO\ZHHNO\RUPRQWKO\7KHUHIRUHDIWHUFKRRVLQJWKHSHULRGGLYLVLRQWKDWZRXOGSURYLGHWKH





WKHQPHDVXULQJ WKHYDULDELOLW\RIHLWKHUVKRXOGDSSO\ WRERWKVLPLODUO\ ,Q WKLVVHFWLRQZHZLOOFRQVLGHU
FDOFXODWLQJ WKH&9 RI VSHHG LQ RUGHU WR FDOFXODWH WKH VDPSOH VL]H QHHGHG IRU HDFK WUDQVSRUWDWLRQPRGH
VHSDUDWHO\7KH WUDLQDQG WXEHPRGHVKRZHYHUVKRXOG WKHRUHWLFDOO\KDYH WKH ORZHVWYDULDWLRQVLQFH WKH\
UXQ DFFRUGLQJ WR VFKHGXOHV DQG WKHLU QHWZRUNV DUH PRUH FRQWUROOHG DQG WKHUHIRUH QRW YHU\ PXFK
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FRQJHVWLRQDIIHFWHG +RZHYHU IURP SUHYLRXV ZRUN RI RXUV WKH WUDLQ DQG WXEH PRGHV SURYH WR EH
VHSDUDWHG ZLWK DOPRVW DQ DFFXUDF\ RI  IURP RWKHU PRGHV %ROERO HW DO  7KLV PDNHV WKHLU
YDULDELOLW\DUDWKHULQVLJQLILFDQWPHDVXUHIRUFDOFXODWLQJWKHLUVDPSOHVL]HV7KLVPHDQVLQWXUQWKDWRWKHU
PRGHVVXFKDVPRWRUL]HGDQGXQPRWRUL]HGYHKLFOHVXVLQJDURDGQHWZRUNVKRXOGKDYHPRUHYDULDWLRQLQ




7KRPSVRQ HW DO  FRQGXFWHG D VWXG\RQ WKH W\SLFDO F\FOLVW VSHHGV LQ D UHFUHDWLRQDO SRSXODWLRQ
IURPVHOIUHSRUWHGVSHHGV LQ:DVKLQJWRQ867KHPHDQVSHHGDFURVVJHQGHUVDQGGLIIHUHQWDJHJURXSV
ZDV IRXQG WR EH PV ZLWK D VWDQGDUG GHYLDWLRQ RI  ZKLFK PHDQV D &9 RI  $SSO\LQJ
HTXDWLRQDVDPSOHVL]HRISDUWLFLSDQWVLVIRXQGDVDUHTXLUHPHQWIRUWHVWLQJDF\FOLQJSRSXODWLRQ
6DPSOH6L]H&\FOH Q ððð SDUWLFLSDQWV
3XEOLVKHGLQDQRWKHUUHVHDUFKDLPHGDWVWXG\LQJ3HGHVWULDQ/HYHORI6HUYLFHGHVLJQDQGLPSDFWRQWKH
TXDOLW\RISHGHVWULDQ OLIH:HLGPDQQ REWDLQHGDQRUPDOO\GLVWULEXWHGDYHUDJH VSHHGRIPV
DQGDVWDQGDUGGHYLDWLRQRI&9 IRUSHGHVWULDQVZDONLQJRQWKHVWUHHW3HGHVWULDQ/266WXG\
6LPLODUO\DSSO\LQJHTXDWLRQWKLVZRXOGUHVXOWLQDVDPSOHVL]HRISDUWLFLSDQWV
7KLV OHDYHV XV ZLWK WKH FDU DQG EXV PRGHV 7KHVH WZR PRGHV DUH WKH WZR PDLQ PRWRUL]HG
WUDQVSRUWDWLRQPRGHVWKDWXVHWKHURDGQHWZRUN7KHFRPSOH[LW\RIWKHURDGQHWZRUNDQGRIWKHWHPSRUDO














OHQJWK7KHUHIRUHDPRUHUHDOLVWLF ILJXUHZRXOGEHFDOFXODWLQJ WKHZHLJKWHGDYHUDJHRI WKHVSHHGXVLQJ
HDFKOLQN¶VOHQJWKXVLQJHTXDWLRQ

         
ZKHUH LVWKHZHLJKWHGDYHUDJH LVWKHOHQJWKRIURDGOLQN  LVWKHVSHHGRIOLQN DQG LV
WKH WRWDO QXPEHU RI OLQNV ,Q RUGHU WR FDOFXODWH WKH &9 ZH QHHG WR FDOFXODWH WKH VWDQGDUG GHYLDWLRQ
DVVRFLDWHG ZLWK WKHVH VSHHGV 7UDGLWLRQDOO\ ZH ZRXOG XVH WKH IROORZLQJ IRUPXOD WR SHUIRUP WKLV
FDOFXODWLRQ
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      
ZKHUH LV WKH ZHLJKW IRU WKH LWK REVHUYDWLRQ LV WKH QXPEHU RI QRQ]HUR ZHLJKWV DQG LV WKH
ZHLJKWHGPHDQRIWKHVSHHGVFDOFXODWHGIURPHTXDWLRQ7KH&9WKHQEHFRPHVWKHIROORZLQJ

         
ZKHUH WKH LV WKHZHLJKWHGFRHIILFLHQWRI YDULDWLRQFRPSXWHG IURP WKHGLYLVLRQRI WKHZHLJKWHG
VWDQGDUGGHYLDWLRQ E\WKHZHLJKWHGPHDQ $QGWKHQHTXDWLRQEHFRPHV

          
ZKHUH WKH VDPSOH VL]H EHFRPHV EDVHG RQ WKH ZHLJKWHG PHDQ RI WKH FDOFXODWLRQV 7KH GLIIHUHQFH
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IRUWKHDJJUHJDWHGGDWDSHULRGIRUERWKFDWHJRULHV,WFRXOGEHQRWHGKRZGLIIHUHQWO\WKHVSHHGYDULHVIURP
UHODWLYHO\ORZVSHHGVLQWKHHDUOLHUKDOIWRWKHORZHVWYDOXHVDWWKHSPSHDNSHULRGRIWKHGD\UDLVLQJXS
DJDLQ DW WKH HYHQLQJ QLJKW DQGSUHDPSHULRGV DJDLQ2QH FRXOG DOVRQRWH WKDW WKHGLIIHUHQFH LQ VSHHG
EHWZHHQFDUVDQGEXVHVLQFUHDVHVVLJQLILFDQWO\LQWKHODWHSDUWRIWKHGD\KLJKOLJKWLQJWKHIDFWWKDWEXVHV
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